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METHOD AND ASSOCIATED APPARATUS not achieve all of the objects of the invention , but that every 
FOR DETECTING MINOR TRAUMATIC object is attained by at least one embodiment . 

BRAIN INJURY 
SUMMARY OF THE INVENTION 

RELATED APPLICATIONS 
A method for detecting minor traumatic brain injury 

The present application discloses and claims develop comprises , in accordance with the present invention , pre 
ments invented by Dr. Alexander D. Kiderman and Dr. senting to a subject a visual stimulus having a predetermined 
James Z. Zinberg and is a continuation of pending U.S. direction and speed of movement across the visual field of 
patent application Ser . No. 13 / 971,111 entitled “ Method and 10 the subject and monitoring the subject's eye movement 

while the subject views the stimulus , where the eye move Associated Apparatus for Detecting Minor Traumatic Brain ment includes a slow eye velocity component and a fast eye Injury ” filed Aug. 20 , 2013 , which is incorporated herein by velocity component . The slow eye velocity component is reference . U.S. patent application Ser . No. 13 / 971,111 is a responsive or corresponds to the predetermined movement continuation of patent application Ser . No. 13 / 567,670 filed 15 of the visual stimulus , while the fast eye velocity component 
Aug. 6 , 2013 entitled “ Method and Associated Apparatus for is typically an involuntary movement in an opposite direc 
Detecting Minor Traumatic Brain Injury ” and which issued tion ( e.g. , retrograde ) . The monitoring of eye movement 
as U.S. Pat . No. 8,585,589 which is incorporated herein by includes detecting the fast eye velocity component . Detect 
reference . ing the fast eye component entails sensing the amount of 

20 movement of the eye as a function of time . The method 
BACKGROUND OF THE INVENTION further comprises determining a magnitude for a parameter 

of the detected fast eye velocity component and comparing 
1. Field of the Invention the determined magnitude with a predetermined numerical 
The present invention relates to a method for detecting value to determine whether the subject has incurred minor 

brain injury . More particularly , this invention relates to a 25 traumatic brain injury . 
noninvasive and atraumatic method for detecting minor It is contemplated that the method of the present invention 
traumatic brain injury . This invention also relates to an is mainly performed automatically . Thus , the monitoring of 
associated apparatus . eye movement may include or be done by a sensor device 

2. Background Information such as a camera . A digital computer may be operatively 
It is well known that certain contact sports frequently 30 connected to the camera , so that the monitoring of eye 

result in injury to the participants . One kind of potential movement includes operating the digital computer , for 
injury that frequently goes undetected is minor traumatic instance , to carry out a pattern recognition process and / or a 
brain injury . ( Major traumatic brain injury can hardly fail to filtering process to identify the fast eye velocity movement . 
be detected even upon cursory inspection . ) As minor trau Preferably , the parameter of fast eye movement is 
matic brain injury heretofore has been undetectable , the 35 velocity or speed . In that case , the monitoring of eye 
injured sports participant is usually sent back into the fray movement includes measuring an amplitude or angular 
without treatment of any sort . The injury may be then distance of a fast eye velocity movement and dividing the 
compounded by further head trauma from forceful engage measured or angular distance by the duration of the fast eye 
ments ensuing on the field or in the arena . movement . Thus , the units of the magnitude may be degrees 

Minor traumatic brain injury may also be sustained during 40 per unit time . 
military conflict . Again , owing to an inability to detect the Typically , the stimulus is a striped pattern , specifically , 
injury , the injured combatants are returned to the front lines , alternating dark and bright vertical bands that move to the 
with the possibility of additional injury to the brain , as well right or left . When the stimulus motion is to the right , the fast 
as other organs . eye movement is typically to the left and vice versa . What 

The resulting costs to society are obvious . Multiple minor 45 happens generally is that subject fastens his or her focus on 
traumatic brain injuries can give rise to permanent dysfunc the center of the visual field and counts the stripes as they go 
tion and also major injury and the necessity for extensive by . The eye voluntarily registers the bands at a speed 
treatment expenses . consistent with movement across the visual field and invol 

untarily backtracks in a fast eye movement in the opposite 
OBJECTS OF THE INVENTION 50 direction , and registers the next band to follow in a slow eye 

velocity movement . This pattern of alternating fast and slow 
It is an object of the present invention to provide a method movements may continue indefinitely , as long as the stimu 

and / or an apparatus for facilitating , if not enabling , the lus is passing across the display screen . The degree or 
detection of minor traumatic brain injury . amount that the eye travels during the fast and slow eye 

It is another , more particular , object of the present inven- 55 movements however differs although the velocity of the 
tion to provide such a method and / or apparatus for facili stimulus does not . 
tating , if not enabling , on site detection of minor traumatic A plot of eye position / movement may be plotted along the 
brain injury . ordinate of a graph , with the abscissa representing time or 

It is a further particular object of the present invention to duration of the stimulus . The resulting plot takes the form of 
provide such a method and / or an apparatus , which permits 60 a saw tooth curve , with shallow line segments corresponding 
a test to be done quickly and which is easy to use . to slow eye movement and intercalated steep line segments 

It is a related object of the present invention to provide corresponding to fast eye movements . The slopes of the line 
such a method and / or an apparatus which does not require segments increase as the eye movement velocity increases . 
the services of trained medical personnel . Typically , the saw tooth is irregular with teeth of varying 

These and other objects of the present invention will be 65 heights , owing to variation in the amplitudes or angular 
apparent from the drawings and descriptions herein . It is to distances traversed by the subject's eye as fast and slow eye 
be noted that any single embodiment of the invention may movements during a stimulus presentation . 

a 
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During one stimulus viewing , multiple comparisons of the standard deviations of the norms . If test subject's peak 
measured parameter , magnitude of fast eye velocity per velocities fall below the norms , that is an indication of brain 
amount of eye movement , are made with respect to prede stem dysfunction . 
termined numerical values which are standards or refer Where the sensor device and the computer or micropro 
ence thresholds for fast eye movement for degree of eye cessor are housed in a casing , the casing may be provided 
movement . One measures the fast eye movement velocity with a display , and the presenting of the stimulus includes 
for each successive fast eye movement and compares the operating the computer or microprocessor to provide the 
measured velocity associated with distance traveled each stimulus as a moving image on the display . 
time with the predetermined numerical reference value or The casing may take the form of a head mounted device , 
threshold . Alternatively , one might select the largest or peak 10 such as glasses or goggles , in which case the method further 
value of eye velocity for each of plurality of ranges of fast comprises removably attaching the casing to a head of the 

subject prior to the presenting of the stimulus . eye movement amplitudes ( e.g. , short , medium , and long ) The comparing of a measured eye - movement magnitude and compare each peak value with a respective predeter with a predetermined numerical threshold value may be mined numerical threshold . In each of these cases , the 15 accomplished automatically via the computer or micropro diagnosis of potential brain trauma could depend on the cessor . In an alternative arrangement , the determining of the 
percentage of comparisons where the measured eye velocity eye velocity magnitude includes transmitting eye movement 
falls below a reference or threshold value . data over a computer network and receiving a computed eye 

It is possible to use the method and apparatus of the movement velocity in return over the computer network . 
present invention to monitor brain health or integrity using 20 The comparison of a computed eye movement magnitude 
a parameter of eye movement versus eye velocity with with a predetermined numerical value may also be per 
analysis of the degree of uniformity among the amplitudes formed at a remote location by another computer . In that 

angular distances of the fast eye movements . Greater event , the result of the comparison may be transmitted back 
uniformity might indicate a potential injury . Conversely , a to the on site digital computer or microprocessor , either 
substantial variation in the amplitudes would indicate an 25 alone or together with a computed magnitude of the fast eye 
undamaged or healthy brain . velocity parameter . 

Alternatively , one might construct a graph with the Preferably , however , both the determination of a fast eye 
abscissa or x - axis , for example , as the amplitude or degree movement magnitude angular speed per angular distance 
of eye movement and the ordinate or y - axis the velocity for traveled ) and the comparison thereof with a predetermined 
that movement . ( Generally , fast eye movement velocity 30 numerical value or threshold are automatically performed 
varies as a function of amplitude or distance the greater the through the operation of a programmed electronic device on 

site . This ensures that an evaluation may be made at any time angular distance through which the eye moves , the more and any place , regardless of access to a wireless or other velocity the eye can build up during its transit of that angular 
distance . ) If fast eye velocity falls below 2 standard devia network . An apparatus for detecting minor traumatic brain 

35 injury comprises , in accordance with the present invention , tions of norms for any degree of movement , that can be ( a ) an image generator for presenting a visual stimulus 
taken as an indicator of potential brain trauma . having a predetermined movement across the visual field of Preferably , the multiple amplitudes of fast eye movement a subject and ( b ) a sensor device for monitoring movement are collected by generic digital processing circuits of a of an eye of the subject while the subject views the stimulus . 
microprocessor that are configured through software to 40 Again , the eye movement includes a slow eye velocity 
analyze each single response , each “ triangle ” of the saw component and a fast eye velocity component , where the 
tooth eye - movement graph of amount of eye position moved slow eye velocity component is responsive to the predeter 
vs. time required for the movement , to thereby identify the mined movement of the visual stimulus and the fast eye 
distances traveled per time elapsed for that travel during the velocity component is typically counter to the direction of 
fast phase . The microprocessor may be configured to 45 movement of the stimulus . The sensor device generates a 
execute a filter set to screen out eye movement velocities signal encoding eyeball position . The apparatus further 
that are too slow to be a fast eye velocity and to screen out includes a computer or microprocessor operatively con 
eye movement amplitudes of an inappropriate length for a nected to the sensor device , the computer or microprocessor 
fast eye velocity movement . being configured for determining a magnitude for the fast 
Where the parameter of fast eye movement velocity or 50 eye velocity component . Typically , the magnitude is an 

speed , per amount of eye movement , is used for brain trauma angular speed , in degrees per second . The calculation for the 
diagnosis , the magnitude of the velocity may be determined magnitude is the distance traveled divided by time elapsed 
by operating the digital computer or microprocessor to carry during that travel beginning from initiation to end of eye 
out an arithmetic calculation a velocity calculation . As movement , for each different amount / amplitude of eye 
mentioned above , a measured amplitude or angular distance 55 movement . Alternatively , a measure of the homogeneity or 
of fast eye movement is divided by the time or duration of lack thereof of distribution of velocities / amplitude across 
the fast eye movement . Again , multiple velocity magnitudes multiple fast eye movements will distinguish between nor 
are computed for a single transit of the stimulus across the mal and brain injury . 
display screen , one for each fast eye movement . Pursuant to another feature of the present invention , the 

Magnitudes of fast eye movement velocity vary given that 60 computer or microprocessor is further configured to com 
the eye may travel a different length / distance in each eye pare the determined fast eye movement magnitude with a 
movement . Velocity varies with the distance traveled in predetermined numerical value to determine whether the 
degrees . Also , velocity varies as between a healthy person subject has incurred minor traumatic brain injury . 
and a brain injured patient , for the same distance of eye In accordance with an additional feature of the present 
travel . One would have a “ normogram ” of peak velocities 65 invention , where the sensor device is a camera , the computer 
for each distance / amount of eye movement and determine or microprocessor is configured for executing a pattern 
whether a test subject's peak velocities were within 2 recognition process and a filtering process to identify the fast 
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eye velocity movement . The camera may be an optical microprocessor or digital computer 14 , which functions in 
camera and / or an infrared camera . part , together with the display , as an image generator . The 

Pursuant to a further feature of the present invention , the visual stimulus can take any form that is perceptible by a 
sensor device and the computer or microprocessor are subject and that can move across the display screen . Typi 
housed in i.e. , attached to ) a casing , and the casing is 5 cally , the visual stimulus takes the form of a series of 
provided with a display . In that event , the computer or vertically oriented bars or stripes that move laterally across 
microprocessor is operatively connected to the display for the display screen , i.e. , to the right or the left . Alternatively , 
operating the display to provide the stimulus as a moving the visual stimulus might take the form of a spot or icon or 
image on the display . The casing may be provided with an a series of spots or icons , or other graphic representations . 
input capability , such as a keyboard implemented either via 10 Apparatus 10 further comprises a sensor device 16 for 
mechanical keys or a touch screen on the display . The input monitoring movement of an eye of the subject while the 
device enables the user to vary the stimulus , for instance , the subject views the stimulus on display 12. Sensor device 16 width and / or contrast and / or speed of movement of vertical typically takes the form of an optical or infrared camera . bands on the display . The display functions in part as a graphical user interface , providing feedback and options to 15 Camera 16 and display 12 are mounted to a frame 18 , which may be a casing of a handheld or hand - holdable electronic the user , which the user selects via the keyboard or other device such as a notebook computer . In that event , camera input functionality . 

Preferably , the casing has a hand - holdable configuration 16 is disposed on the same side of the frame or casing 18 as 
and size . The casing may be a notebook sized device or a display 12 . 
frame such as eyeglasses or goggles mountable to the head 20 Alternatively , frame or casing 18 may be goggles or an 
of the subject over the subject's eyes . In that case , a eyeglass frame with a coupling or mounting element 20 such 
headband or cap or other coupling element is provided for as eyeglass arms or a strap or band for removably attaching 
removably attaching the casing to a head of the subject . the eyeglasses to the head of an individual subject . Products 

In accordance with a supplemental feature of the present such as eyeglasses with incorporated computers and visual 
invention , the computer or microprocessor is configured for 25 displays on the lenses are known in the art . 
transmitting eye movement data over a computer network The eye movement of a subject attending to the moving 
and receiving a computed eye movement velocity or diag visual stimulus on display 12 includes a slow eye velocity 
nostic result in return over the computer network . component and a fast eye velocity component . Sensor 
A method and / or an apparatus in accordance with the device or camera 16 generates a signal encoding the position 

present invention facilitates , if not enables , the detection of 30 of the subject's eye at least during the fast eye velocity 
minor traumatic brain injury . A test or measurement may be component . The slow eye velocity component is responsive performed on location , thereby enabling an informed deci to the predetermined movement of the visual stimulus . The sion as to whether a potentially injured sports player or speed of the fast eye component , if below a certain thresh soldier is in fact brain injured and should be at least temporarily withdrawn from continued participation in the 35 old , may indicate abnormal brain function possibly occa sioned by minor traumatic brain injury . physical conflict . A method and / or apparatus in accordance Computer or microprocessor 14 is operatively connected with the present invention is easy and quick to use . The 
invention may be used without requiring the services of to sensor device or camera 16 , the computer or micropro 
trained medical personnel . cessor being configured for determining a magnitude for a 

These and other advantages of the present invention will 40 parameter of the fast eye velocity component . The term 
be clarified in the description of the preferred embodiments " magnitude ” is used herein to denote a numerical value , 
taken together with the attached drawings in which like positive or negative , characteristic of fast eye movement and 
reference numerals represent like elements throughout . used for comparison with another numerical value , namely , 

a reference value or threshold that is experimentally deter 
BRIEF DESCRIPTION OF THE DRAWINGS 45 mined to be indicative of minor traumatic brain injury . A 

calculated fast eye movement magnitude is derived from 
Other objects and advantages appear in the following detected fast eye movement and may be of any eye move 

description and claims . The enclosed drawings illustrate ment parameter or mathematical relationship that is deter 
some practical embodiments of the present invention , with mined to be indicative of brain injury . 
out intending to limit the scope of the invention or the 50 Computer or microprocessor 14 may also be configured or 
included claims . programmed for comparing the determined eye velocity 
FIG . 1 is a block diagram of a device in accordance with magnitude with a predetermined threshold stored in a 

the present invention for detecting potential minor traumatic memory 22 , to thereby obtain an automated diagnosis of 
brain injury . potential minor traumatic brain injury . Alternatively , the 

FIG . 2 is a block diagram depicting components of a 55 computation of fast eye velocity magnitude and the diag 
computer or microprocessor shown in FIG . 1 , as well as nostic comparison with a threshold eye velocity magnitude 
other elements shown in FIG . 1 . may be performed by a remote computer ( not illustrated ) 

FIG . 3 is a block diagram depicting components of a fast with which computer or microprocessor 14 communicates 
eye movement detection unit shown in FIG . 2 . via a transceiver unit 24 , for instance , a dedicated hard 

60 wired communications link or a wireless communications 
DESCRIPTION OF THE PREFERRED link connecting to the Internet or a private computer net 

EMBODIMENTS work . 
The comparison of the measured velocity magnitude with 

As depicted in FIG . 1 , an apparatus 10 for detecting minor a predetermined numerical value — which is a standard or 
traumatic brain injury comprises a display 12 for presenting 65 reference threshold may occur multiple times during one 
a visual stimulus having a predetermined movement across stimulus viewing . It is possible , for instance , to measure the 
a visual field of a subject . Display 12 is controlled by a fast eye movement velocity for each successive fast eye 
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movement and compare the measured velocity each time provides eye movement data thereto . Calculation module 34 
with the predetermined numerical reference value or thresh computes a magnitude of fast eye movement depending on 
old . the data from detection module 32 . 

Alternatively , instead of a single numerical threshold Computer or microprocessor 14 also incorporates a com 
value , one might use a plurality of numerical threshold 5 parator 36 which is connected to calculation module 34 and 
values each assigned to a particular band of eye movement memory 22 for comparing a contemporaneously calculated 
amplitudes . Each measured fast eye movement velocity is or determined velocity magnitude from calculation module then compared with a threshold value that depends is 34 with a predetermined velocity threshold or magnitude selected in accordance with the amplitude of the respective from memory 22. The result of the comparison , indicative of fast eye movement . Generally , small amplitudes will have 10 normalcy or potential brain trauma , is communicated to the smaller eye speed thresholds or reference values . user via a diagnostics unit 38. Diagnostics unit 38 may An alternative measured parameter may be normalized 
eye movement velocity , for instance , the velocity of a fast provide the user with a qualitative indication such as “ trau 
eye movement divided by the distance traveled during that matic brain injury ” or “ light injury ” or “ normal . ” Alterna 
fast eye movement . tively , diagnostics unit 38 may provide the user with a 

In another alternative approach , one might select the numerical evaluation such as a percentage indicating a 
largest or peak value of eye velocity for each of plurality of likelihood of brain injury . The diagnosis may be communi 
ranges of fast eye movement amplitudes ( e.g. , short , cated to the user via display 12 . 
medium , and long ) and compare each peak value with a Keyboard 26 may be used to initiate a measurement 
predetermined numerical threshold allotted to the respective 20 process . Several measurements may be made automatically 
amplitude range . When multiple comparisons are made for within the same diagnostic session . For instance , the stimu 
testing a single subject , the diagnosis of potential brain lus may be induced to travel across the display 12 several 
trauma could depend on the percentage of positives , i.e. , times , with communications and setup unit 28 signaling the 
comparisons where the measured eye velocity ( whether beginning and end of each stimulus transit . 
individual or peak ) falls below a reference or threshold 25 As illustrated in FIG . 3 , detection module 32 may include 
value . a pattern recognition module 40 that identifies the fast eye 

Frame or casing 18 may be provided with an input velocity movement in part by analyzing an image of the 
capability , such as a keyboard 26 implemented either via subject to detect the orientation ( angular position ) of the 
mechanical keys or a touch screen on the display 12. In that subject's eye . Detection module 32 may additionally include 
case , display 12 functions in part as a graphical user inter- 30 an eye movement - tracking module 42 that compares suc 
face , providing feedback and options to the user , which the cessive eye orientations to detect a direction of movement of 
user selects via keyboard 26 or other input functionality . the eye and to generate a track or path of eye movement . 
Options may include characteristics of the stimulus such as Pattern recognition module 40 may further include a ampli 
size , shape , contrast , and direction and speed of movement . tude filter ( not separately illustrated ) that screens out eye 
Other options may include the kind of parameter that is to be 35 movements of angular distances that are too long or too short 
measured and compared with a threshold . As indicated to be fast eye movements . Concomitantly , velocity calcula 
above , possible parameters include fast eye movement tion module 34 may include a velocity filter ( not separately 
velocity , normalized fast eye movement velocity , and dis illustrated ) that screens out velocities that are too slow to be 
tribution of fast eye movement amplitudes . a fast eye velocity . Computer or microprocessor 14 naturally 
Where fast eye movement velocity is the selected param- 40 includes a time base or clock signal generator ( not shown ) 

eter , additional options include the number and types of that may be included in either detection module 32 or 
comparisons that are undertaken . Comparison with a thresh calculation module 34 or connected thereto , for enabling 
old might be undertaken for each fast eye movement during velocity calculations . 
the course of a stimulus presentation . Alternatively , com As indicated above , computer or microprocessor 14 is 
parisons might be undertaken for only those fat eye move- 45 optionally connected to a transceiver 24 for transmitting eye 
ments where the eye movement amplitude exceeds a prese movement data over a computer network and receiving a 
lected value . computed eye movement velocity or diagnostic result in 
As illustrated in FIG . 2 , computer or microprocessor 14 return over the computer network . Alternatively or addition 

typically comprises a communications and setup unit 28 ally , computer or microprocessor 14 may transmit the results 
which is connected to keyboard 26 and to display 12 for 50 of diagnostic testing over the computer network to a remote 
interfacing with a user for purposes of calibration and the computer for reporting purposes . 
selection of operating parameters such as stimulus shape , Computer or microprocessor 14 may be configured for 
size , and speed and direction of movement . To that end , storing in memory 22 the results of testing for any particular 
communications and setup unit 28 is connected to a stimulus subject . This enables comparison of contemporaneous fast 
generator 30 which is in turn connected to display 12 for 55 eye velocity magnitudes with prior measurements for any 
purposes of energizing selected pixels of the display to show given individual subject . Of course , where computer or 
a moving image . microprocessor 14 transmits the eye velocity results to a 

Computer or microprocessor 14 also includes a fast eye remote computer , the remote computer and personnel having 
velocity detection module 32 and a fast eye velocity calcu access thereto may perform the historical evaluations . 
lation module 34. Detection module 34 is connected at an 60 Prior to use of the above - described apparatus in monitor 
input to communications and setup unit 28 for receiving ing a subject for potential undetected brain injury , there is an 
therefrom data pertaining to the characteristics of the stimu initial calibration process that allows computer or micro 
lus , particularly the direction and speed of stimulus move processor 14 to determine / measure the amount of eye move 
ment . Detection module 32 is also connected at an input to ment between fixed points of known distance between the 
sensor device or camera 16 for receiving therefrom electri- 65 points . The speed of eye movement is not a factor this 
cally encoded data pertaining to eye movement . Detection analysis . This calibration in turn permits subsequent calcu 
module 32 is connected to calculation module 34 and lations of the distance that the eye travels during testing 
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which in turn , in the context of the time elapsed during the parameter is eye movement velocity , the calculation is of 
movement , permits calculation of the velocity of the eye distance divided by time a velocity calculation . The dis 
movement . tance may be an angular distance or a linear distance . 
What is being calibrated or quantified is the distance that Calculation module 34 may be configured to carry out 

the eye moves during the test . In order to identify this 5 additional or alternative measures of the fast eye movement 
amount , before the test sequence , the amount of eye move component . For example , calculation module 34 may be 
ment in millimeters is ascertained as the eye moves between programmed to compile a table of eye movement amplitude 
a pair of fixed points placed so that the fixed points are as a function of eye velocity ( or vice versa ) and to compute 
separated by a desired distance ( usually 20.degree . visual an average and a measure of the degree of uniformity or 
angle ) . With the knowledge of how much eye movement 10 deviation among the amplitudes or angular distances of the 
occurs , measured in millimeters , as the eye moves from one fast eye movements . Alternatively , calculation module 34 
to another fixed point , that is to say across a known visual might compile a table of eye movement velocity as a 
angle , one can subsequently deduce the amount of eye function of amplitude or degree of eye movement and 
movement in degrees during the test . compute . If fast eye velocity falls below 2 standard devia 

It is to be noted that eye movement is detected by the 15 tions of norms for any degree of movement , that can be 
actual amount of movement of landmarks on the eye . One taken as an indicator of potential brain trauma . 
approach is to capture an optical signal which is analyzed by It is to be noted that the various modules of computer or 
computer to locate the iris - pupillary interface . This in turn microprocessor 14 as shown in FIGS . 2 and 3 are realizable 
permits detection of the center of the pupil circle , which is as generic digital processing circuits that are configured 
used as one point of reference , a point that moves with eye 20 through software to perform the described functions . Alter 
movement , for the calculation of eye position . One addi natively , one or more of the various modules of FIGS . 1-3 
tional reference point on the eye is required to allow may be implemented in the form of hard - wired circuits . This 
calculation of eye position . The optimal approach would is particularly the case with transceiver 24 , stimulus gen 
have the second point not move regardless of eye movement . erator 30 , and fast eye movement detection unit 32 . 
This is achievable by utilizing the first Purkinge image , the 25 One may also operate computer or microprocessor 14 and 
position of a reflected light pattern on the cornea . The light particularly comparator 36 to ascertain whether the contem 
source to create this reflection can be infrared . poraneously determined or calculated fast eye velocity mag 

In a method for detecting minor traumatic brain injury , nitude bears such a relation to a predetermined numerical 
which may use the apparatus disclosed hereinabove , one value as to be indicative of minor ( otherwise undetectable ) 
presents to a subject a visual stimulus such as a bar , stripe , 30 traumatic brain injury . Typically , if measured eye velocity 
dot , icon , or graphic representation , or a series of bars , falls below a predetermined threshold , then possible brain 
stripes , dots , icons , or graphic representations , which moves injury is to be assumed . 
along a predetermined path across a visual field of the As indicated above , the determining of the eye velocity 
subject . Preferably , the stimulus is presented on a small magnitude may be implemented at a remote station . In that 
electronic display 12 such as that of a handheld electronic 35 event , eye movement data is transmitted over a computer 
device ( notebook , cellphone , personal digital assistant ) or on network and a computed eye movement velocity is received 
the lenses of glasses or goggles . In the latter case , the in return over the computer network . The comparison of 
method further comprises removably attaching the casing 18 computed eye movement velocity with the predetermined 
to a head of the subject prior to the presenting of the stimulus numerical value may also be performed at a remote location 
on display 12 . 40 by another computer . In that event , the result of the com 

Eye movement of the subject is monitored while the parison may be transmitted back to the on site digital 
subject views the stimulus . As indicated above , eye move computer or microprocessor 14 , either alone or together with 
ment typically includes a slow eye velocity component , a computed magnitude of the fast eye velocity component . 
which responds to the predetermined movement of the Preferably , however , both the determination of eye veloc 
stimulus , and an involuntary fast eye velocity component , 45 ity magnitude and the comparison with predetermined 
which is particularly monitored for its rapidity . A user ( who numerical value or threshold are automatically performed 
may also be the subject ) operates the measurement apparatus through the operation of a programmed electronic device on 
10 to determine a magnitude for the detected fast eye site . This ensures that an evaluation may be made at any time 
velocity component and to compare the determined magni and any place , regardless of access to a wireless or other 
tude with a predetermined numerical value to determine 50 network . 
whether the subject has incurred minor traumatic brain Although the present invention has been described with 
injury . particularity herein , the scope of the present invention is not 

Preferably , the monitoring of eye movement includes limited to the specific embodiment disclosed . It will be 
operating sensor device or camera 16 , which is preferably , apparent to those of ordinary skill in the art that various 
but not necessarily , mounted to the same casing 18 as 55 modifications may be made to the present invention without 
display 12. The monitoring of eye movement preferably also departing from the spirit and scope thereof . The scope of the 
includes operating digital computer of microprocessor 14 , invention is not to be limited by the illustrative examples 
for instance , to carry out a pattern recognition process via described above . The scope of the present invention is 
pattern recognition module 40 and eye movement - tracking defined by the appended claims and equivalents thereto . 
module 42 and to carry out a movement filtering process via 60 What is claimed is : 
fast eye velocity detection module 32 and fast eye velocity 1. A method for detecting minor traumatic brain injury , 
calculation module 34. Computer or processor 14 is also comprising : presenting to a subject a visual stimulus having 
mounted to or housing in casing 18 . a predetermined direction and speed of movement across a 

The magnitude for the detected fast eye velocity compo visual field of the subject ; monitoring movement of an eye 
nent may be determined by operating digital computer or 65 of the subject while the subject views said stimulus , the eye 
microprocessor 14 and particularly calculation module 34 to movement including a slow eye velocity component respon 
carry out an arithmetic calculation . Where the selected sive to said predetermined movement , the eye movement 
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further including a fast eye velocity component , the moni 11. The method defined in claim 1 wherein the parameter 
toring of eye movement including detecting said fast eye includes eye movement speed , the determining of said 
velocity component ; determining a magnitude of a param magnitude including measuring an amplitude or angular 
eter of the detected fast eye velocity component ; and com distance of eye movement during at least one instance of 
paring the determined magnitude with a predetermined 5 said fast eye velocity component and dividing said ampli 
numerical value to determine whether the subject has tude or angular distance by the time or duration of said one 
incurred minor traumatic brain injury . instance of said fast eye velocity component . 

2. The method defined in claim 1 wherein the monitoring 12. An apparatus for detecting minor traumatic brain 
injury , comprising : an image generator for presenting a of eye movement includes operating a sensor device . visual stimulus having a predetermined movement across a 

3. The method defined in claim 2 wherein said sensor visual field of a subject ; a sensor device for monitoring 
device is a camera and a digital computer is operatively movement of an eye of the subject while the subject views 
connected to said camera , the monitoring of eye movement said stimulus , the eye movement including a slow eye 
including operating said digital computer to determine the velocity component responsive to said predetermined move 
magnitude of said parameter . ment , the eye movement further including a fast eye velocity 

4. The method defined in claim 3 wherein said camera is component , said sensor device being configured to generate 
a signal encoding detected positions of the subject's eye ; and taken from the group consisting of an optical camera and an 

infrared camera . a computer or microprocessor operatively connected to said 
sensor device , said computer or microprocessor being con 

5. The method defined in claim 2 wherein the determining figured for determining a magnitude of a parameter of the 
of said magnitude includes operating a computer or micro- 20 fast eye velocity component . 
processor to carry out an arithmetic calculation . 13. The apparatus defined in claim 12 wherein said 

6. The method defined in claim 5 wherein said sensor computer or microprocessor is further configured for com 
device and said computer or microprocessor are housed in a paring said magnitude with a predetermined numerical value 
casing , said casing being provided with a display , the to determine whether the subject has incurred minor trau 

matic brain injury . presenting of said stimulus including operating said com 14. The apparatus defined in claim 12 wherein said sensor puter or microprocessor to provide said stimulus as a mov device is a camera taken from the group consisting of an ing image on said display . optical camera and an infrared camera . 
7. The method defined in claim 6 , further comprising 15. The apparatus defined in claim 12 wherein said sensor 

removably attaching said casing to a head of the subject device and said computer or microprocessor are housed in a 
prior to the presenting of said stimulus . casing , said casing being provided with a display , said 

8. The method defined in claim 5 wherein the comparing computer or microprocessor being operatively connected to 
of said determined magnitude with said predetermined said display for operating said display to provide said 
numerical value includes operating said computer or micro stimulus as a moving image on said display . 

16. The apparatus defined in claim 15 wherein said casing processor . 35 has a hand - holdable configuration and size . 
9. The method defined in claim 2 wherein the determining 17. The apparatus defined in claim 15 , further comprising 

of said magnitude includes transmitting eye movement data a headband or cap for removably attaching said casing to a 
over a computer network and receiving a computed eye head of the subject . 
movement velocity in return over said computer network . 18. The apparatus defined in claim 12 wherein said 

10. The method defined in claim 1 wherein the determin- 40 computer or microprocessor is further configured for trans 
ing of said magnitude and the comparing of the determined mitting eye movement data over a computer network and 
magnitude with said predetermined numerical value are receiving a computed result in return over said computer 

network . automatically performed through the operation of a pro 
grammed electronic device . 
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